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ưƸƯƂƤƳƾƯźſŢƔƬƛƱŵƺŝǇŚŝƹŵŹřŵƾŝŹŵƱōǀƱřŹŚưǈŤŞƯ
ěƵŶƘƯƱŚƏźſƶŝǀƱŚŤƀěƱŚƏźſƹƶŤƟźƄżǀƳƵŶƃƵŶƷŚƄƯŢſř
ìƿĪƾƳŚĪƯŻřǀƮƀŚƷƽƗŚƟŵƾƩƺƬºſƳŚƏźºſźºŝřźŝŹŵŚºƷƾ
ƶƯŚƳźŝīźƯƹŻƺŤěƺěōƱŶƃŹƿżƽƯƵŶƃƾŶƃŚŝŹŚºƸƯƪƯŚƗźƷ
ƵŶƴƴĩįƯŻƺŤěƺěōƾƶŝŶƳřƺţưƸƯƪƯŚƗƱřƺƴƗƾƱŚƏźºſŻƹźŝŹŵ
ĭŹřźƣƶūƺţŵŹƺƯǀƮƸƯŻřƱōƶŝŢƯƹŚƤƯƹŵźźºţƿšǈĪƄºƯƲ
ƱŚƯŹŵŚƷƽƱŚƏźſƱŚƯŹŵŢƸūŹŵźƋŚůƩŚůŢºſřŚºƷí
ſŹźŝƾƵŵřŵƱŚƄƳŚƷĥŹƶĩŶƳřºƿřŸºƛƮƾƿºƯƾºŝŶºƳřƺţƶƱřƺºƴƗ
ŚƷŹƺŤĩŚƟƽƳŚƏźſŶƋƾſƱŚƏźſŹŚƸƯŹŵǀŶºƴƴĩƪưƗƶƴî
ƩŚſŹŵŚƷƽųřǀƱŚƯŹŵŻřƵŵŚƠŤſřźŚƷƽĭƪưĪƯǀƷŚƾƱŚƯŹŵŹŵ
ƱŚƏźſƱŚƯŻŻřƹŢſřƶŤƟźĭŹřźƣƶūƺţŵŹƺƯŚƷŚºƷƽƱŚŤºſŚŝ
ƮƷſǀƌƘŝƱŚƯŹŵŢƸūŹŵźƾŝǀưŹŚƽƵŵƺºŝƵŵŚƠŤºſřŵŹƺƯŚƷ
ŢſřſƝźƈƯǀƍŚºŞţŹřŹŵƱŚƏźºſƶºŝǈŤŝřźƐųƂƷŚĩŚŝź
ŢſřƀŝǀŹŚƽĩźţŻřǀƬƇřƪƯřƺƗŹƺƠƫƺſƺƳŚĭŹřšŚŞƾŵƺūƺƯ
ſŹŵǀŨĪţŹŚºƸƯŦƗŚŝƶĩŶƴŤƀƷźºǀƩƺƬºſźŚºƷƽƳŚƏźºſƾƹ
ŚƤƫřƽƱōŹŵŻƺŤěƺěōƯŚƷƾŶƳƺƃƶºĩŢſřƵŵřŵƱŚƄƳšŚƘƫŚƐƯ
ſƱŚƏźſŻƹźŝźƐųǀƶƴřżƟřŚŝƿſƝźƈƯƂǀƯƂƷŚĩźƾƿŶºŝŚ
æåƿĪƾƩŚƘƟŻřźţƿĩźţƲǀŝšŚŞǀĥƺƫƺƿĪƾºſŹŵŵƺºūƺƯǀź
ƵŶƃƶƫƵŻŚţƫōǀƀǀřŹřŵƶºĩŢſřƲƽźŤĩŚŝŶºƋƅřƺºųºƿŚƾƿ
æçƹææģŹŚƣŶƋƾƹŶºƋƿºſƹźƾºƯƹƵŵƺºŝƾŹŵŶºƳřƺţ
ŤĩǈěƖưŬţƂƷŚĩƾŝǀżŤƴſƺƳƹƩƹźŤƀƬĩǀºŝżƶŵŚƄºĭƱřƺºƴƗ
ƵŶƴƴĩįŶƴĩƪưƗơƹźƗæêæèƳŚƏźſŶƋšřźŧřƾƫōǀƀǀƲ
ģƞƣƺţƶŝƶųźįƫƺƬſƾƹŚƤƫřƽźƏŻřŻƺºŤěƺěōºƿºƔƴţƢǀƹƮ
ƜţǀǀŝŹŵźǀŘţƹźěƱŚǀƲŚƷƽƔƴţǀƵŶƴƴĩƮįƩƺƬſŹŵŻƺŤěƺěōŚƷƽ
ŹƺƯƺţƽƯƍƺŝźƯƾŵƺƃæëŤƯǀƪƳƺƠƫƺºſǀƱŚºŤƯƪ(MSM)
ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯƹƲǀƀǀƫōŜǀĩźţ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽçéƵŹŚưƃƽæåêƱŚŝōƹźƸƯæèîê
˻˹
ƿŵŚƽŤƯǀƪƱŚƀƳřżƜƯŹŵƱŚƠƫƺſæìŚưſǈěƽŚºƯƹƱƺºųƿƖ
żƜƯƽƗŚŴƳƾƮĩŹřŶƤƯƶŝƿƯŢƟŚƾĩźţƹŵƺƃǀŞƾŻřƶĩŢſř
ƀºĩřǀƫƺºſƱĦƵƹźºĭƹŹƺƠŚºƷƽĪƄºţƱŚºŤƯǀŢºſřƵŶºƃƪ
ŤƯǀƪƳƺƠƫƺſǀřŸƛŵřƺƯŹŵŵƺūƺƯƱŚŤƯƪƾƿƳŚºſōƶºŝƾºƏŹŵƾ
ŝŻřƲŤŴěǀƯƲƾŵƹŹæí
ŤƯƝźƈƯǀƪƳƺƠƫƺſǀƫŚƘƟŵƺŞƸŝŚŝƱŚŤƯƪǀƳŚưƀūŢƾƂƷŚĩƹ
ƱŚƏźſƶŝǈŤŝřźƐųºŝƹŢºſřƵřźưƷŚƷƶºƯźºƔƳƾƶºĩŶºſŹ
ƶŝƱōŵźĪƬưƗƫŚƘƟǀŝŚƸŤƫřŶƋŢƾŤƳōƹƾƀºĩřǀƳřŶƾƎŞţźºƯƱō
ŶƃŚŝřƿřŹřŵƵŵŚƯƲƽŶƴģƿŚſźŧřƲƿƀĩƺţƺŤǀŧŚºţƹŢſřĨǀź
ƱŚƏźſźŝƱōŚƷƽźƯŶŞĩƵŶƘƯƽſŹźŝƱŚŤƀěƹƾŢºſřƵŶƃ
çåƹæîųřǀţŚƘƫŚƐƯ řźƾƩƺƬºſŢƯƹŚƤƯƂƷŚĩŢƸūŚºƷƽ
ƳŚƏźſƾƃƶŝǀưƾƳŚƯŹŵƾƤƟƺƯŚŝƶĩƵŶƃƭŚŬƳřǀŢżºǀƳƵřźºưƷ
ŵƺŝŢſřƵƫōƮƸƯƂƤƳƶŝƶūƺţŚŝǀƀǀŤƯƹƲǀƪƳƺƠƫƺſǀƱŚºŤƯƪ
ŝŻřŹŵǀƩƺƬſƱŵźŝƲŚƷƽƳŚƏźſƾŶƃƱōźŝƿŶºƋšřźŧřŚţƮ
ƳŚƏźſƾƫōǀƀǀŤƯƹƲǀƪƳƺƠƫƺſǀĩźţƹƱŚºŤƯƪºǀƱōŜźºŝřŹŚºƷ
ƹŹƽƫƺƬſīźƯƾƩƺƬſŚºƷƽƴŝºǀŵŚƽ+éé CDƩƺƬºſƹŚºƷƽ
ƛǀƴŝźǀŵŚƽCD44-ƵŵŹįƱŚŤƀºěƱŚƏźſ(MCF7)Źźŝºſƾ
ŚưƳǀƿƮ

ƁƹŹƾſŹźŝ
ŵřƺƯřƭŚŬƳřŢƸūƿƶºƘƫŚƐƯƲįºŝźŬţƾƵŵŚºƯƽƫōºǀƀǀƲ
ŚƯŻōŹŵŵŹřŶƳŚŤſřƿŷŹŵƵŶƃźĩŷƁƹŹƢŞƏƵŚĮƄƿũřźŴŤºſřƪ
ŤƯƹŶƃǀƪƳƺƠƫƺſǀŚºĩƺƬƟŢĩźºƃŻřƱŚŤƯƪīƺƫŚºţŚĩƵŹŚưºƃ
éæëèæźųƿŹřŶƽŶƃ
ƬƜţũřźŴŤſřǀƵŻřŶƳřƹƒĭǀƫōƽźºǀƀǀƲºſƶºŞůǀŶºƘŝŚƷźŻř
ƃƀŝƺĩƱƹŚºƷƎºſƺţƺƄºŤºǀƎºſƺţžĜºſŶƳŶºƃƶºƫƹƵŶ
ŚƳĥƺưƷƿŝŹżƶƳĥƺưƷƪƯŚĩŹƺƏǀŚƸƳŹŵƹƵżƿưųŢǀŢºſŵƶºŝź
ƵŹŚƈƗŻřƵŶƯōįƳƺſǀƯƵŶƃƶĪǀƱŚêǇƿźŤºſřŻŚºĭƶƿŹƺºŞƗƪ
ŶƃƵŵřŵƶŝŹƹŚƴƃƽřżūřƽŻŚſřŶūŹƺƔƴƯƶŝšŶºƯçåƣŵǀƶºƤ
ŚƯŵŹŵƽéƶūŹŵįŤƳŚſƾźŤƳŚſŵřźĭƿƠǀŵźĭĥƺƿŶºſŢƳŚţŚƳźěƺ
ƶŝŘţƹźěƝŸůŢƸūƵŶƯōŢſŵǀƲƩƺƳŚºŤƯźºŝřźŝƮºŬůŚºŝŚƷ
ŵŶŬƯƹƍƺƬŴƯřźŤƳŚſƿƠǀŵźĭĥƺƿƽŚºƯŵŹŵƹŶíåƶºūŹŵį
ŤƳŚſƾƶĮƳŵřźĭŶƃƽŹřŵ.ƫōũřźŴŤſřǀƀǀƵŵŚƠŤºſřŚŝƲƁƹŹŻř
HPLCƳǀưĩƶưƾŶºƃƭŚŬƳřçåřƶºŝºƿţźţƲºǀƶºĩŜêå
ƯǀƬƾƫǀƵŹŚƈƗŻřźŤįŤƯƫƺƳŚƾſǀźêåêåƾưŬůƾưŬůƶºŝ
ſǀƮŤƀHPLCƶŝżƸŬƯƿƳƱƺŤſĨǀºưĩƶưƾƵŻřŶºƳřŚºŝêæ
ŹŵæŤƳŚſƾźŤƯƳŚĜºſřŚƳƺƬºſŹŚŝŚºƯźĩƺƴĪţŢĩźƃǀŚŹżţºƿƢ
ŶƃƍƺƬŴƯħźŰŤƯŻŚƟêåêåƾƘưŬůƾºƘưŬůƹƩƺƳŚºŤƯ
ŵƺŝśōƟřźĭƺţŚƯƹźĩƾŚƯŵŹŵƽŢƗźſŚŝơŚţřçƯǀƬƾƫǀŹŵźºŤ
ƣŵǀŶƃƭŚŬƳřƶƤƫōǀƀǀūƹźųƲƾũƺºƯƩƺºƏŹŵççåźŤƯƺƳŚºƳ
ŚſŚƴƃƾƿŶƃěǀƹŚůĨƽƫōǀƀǀƖưūƱƺĪƫŚƟƶƫƺƫŹŵƲŹƹōƽƹ
źƟƎſƺţƿřŹŵżƿƬƜţźǀŶƃƒ
ƯºǀƫōƱřżºǀƀǀºƬƜţŻřŶºƘŝƲǀƁƹŹŻřƵŵŚƠŤºſřŚº ŝƒHPLC
ƫŚƳōǀŤǀŚƷŹŚĩƢŝŚƐƯƩŚĪƽƬŞƣƾƺƳƿƘţƱŚĭŶƴƀǀºǀŶºƃƲçæƹ
º ŝōƩƺºƬŰƯƾƫōº ǀƀǀřźº ŝƲƽƵŵŚƠŤºſřŚºƷƽŶºƘŝƽŚºƯŵŹŵƽ 
íåƶūŹŵįŤƳŚºſƾŹřŶºƸĮƳŵřźºĭƽŶºƃřŹŵºƿŻřƶºƘƫŚƐƯƲ
ƫōǀƀǀŹŚºŬţƲƽƅƺºƬųƶºūŹŵŚºŝèîîîŶºƇŹŵƶºŝƱřƺºƴƗ
ŶƃƵŵŚƠŤſřŵŹřŶƳŚŤſř 
ƫƺƬſŢƄĩƾƵŵŹįƫƺƬſƾMCF7ŤƀƳřŢĩźƃŻřǀŹƺŤſŚěƺŤ
řººƿźųƱřźººƿŹřŶƽººŰƯŹŵƹŶººƃǀƎRPMI-1640ƹŚººůƽ 
æåŶƇŹŵƴūƭźſǀƹŚĭƲƽƹæŶƇŹŵºŤƳōƩƺºƬŰƯƾŝǀţƺºǀĨ
ºƴěƾºſǀƬǀƲŚƯƺŤěźŤſřºƿƀǀƲūǀƺºĪŞŹŵƹŶºƃƵŵřŵŢƄºĩ
ŚƯŵŹŵŹƺţŚŝƺĪƳřƽèìƶūŹŵįŤƳŚſƾƹŵřźºĭCO2êŶºƇŹŵ
ŹřŶƸĮƳƽŵźĭƿŶ
ƁƹŹMTTƯǀŚºƤŝƱřżƽƫƺƬºſƾƁƹŹŚºŝMTTºſŹźŝƾ
ŶƃřźŝƽƭŚŬƳř MTTƩƺƬſŢºƔƬƛŹŵŚƷæåéæŹŵƩƺƬºſ
çååƯǀƫƹźĪǀƬěƪųřŵŹŵźŤºǀŢîëŶƳŶºƃƵŵřŵŢƄºĩƶºƳŚų 
ŻřžěçéŰƯƶŝƺĪƳřŢƗŚſǀĜſōƎǀŵźĭƵźºƿŵŹƹŶºƿƩƹřƞ
ƬěǀŢîëƶŝƶƳŚųŵŹĨƳǈŝƱřƺƴƗƿƶºŝƭƹŵƞƹƩźºŤƴĩƱřƺºƴƗ
ŵŹƿƞŚƷƽŶƘŝƽƶŝţźţǀŢƔƬƛŚŝŜŚƷƾƿźŝřźŝæçêåêåæ
çéíæëèçëéƯǀƯźŝƭźĭƹźĪǀƬƾƫǀƫōźŤǀƀǀŚºƸƴţƶŝƲƾƿ
ƳƹǀŤƯżǀƪƳƺƠƫƺſǀŚºƸƴţƶºŝƱŚŤƯƪƾƿţǀŶºƃƵŵřŵŹŚºưřŹŵºƿƲ
ƾƳŚųźſƭŚƸƫřƱřŹŚƨưƷƹ 
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ţǀƫōŚŝŹŚưǀƀǀŚƸƴţƶŝƲƾƿŚŤƳƹŶƃƿŹřŵŚºƴƘƯƵŶºƯōŢºſŵƶŝŪ
ƫŚůŹŵŵƺŝƾƵƹźĭŹŵƶĩééCDƳřŶƴģšƹŚƠţƾŝǀŢºƫŚůƲ
ĩźţǀŞƾƫōƹǀƀǀŚºƸƴţƶŝƲƾƿŶƄºƳƵŶƷŚƄºƯŝºǀźŤƄƿƂƷŚºĩƲ
ƳƺƬĩƾƵƹźĭŹŵŚƷééCDţŻřžºěǀŢºƔƬƛŚºŝŹŚºưIC50
ƫōǀƀǀƷŚƄƯƲŶƃƵŶƪĪƃæƹç



ƾƳŚųźſƭŚƸƫřƱřŹŚƨưƷƹ 
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
ƪĪƃæƹçŧŚţǀŢƔƬƛźŚƷƽƫōƞƬŤŴƯǀƀǀĩźţƹƲǀŤƯŚŝƱōŜǀƳƺƠƫƺſƪǀƹŹƱŚŤƯƪƽƳƺƬĩƾřŻƾƿƩƺƬſƵƹźĭŚƷƽ ƴŝǀŵŚƽCD44+ƹ
ƛǀƴŝźǀŵŚƽééCDƵŵŹMCF7ƪĪƃAƹCƳƺƬĩŵřŶƘţƾŚƷƽƪĪƃƹƶŤƟźĭƪĪƃBƹDƯǀĮƳŚǀŵřŶƘţƲƳƺƬĩƾţŻřŶƘŝřŹŚƷǀŹŚư
ŢƔƬƛŚŝŚƷƽƫōƞƬŤŴƯǀƀǀĩźţƹƲǀŤƯŚŝƱōŜǀƳƺƠƫƺſƪǀƯƱŚƄƳƱŚŤƯƪƾŶƷŵ

ººſŹźŝƾƫƺƬººſīźººƯƾŚººŤƳƿŵřŵƱŚƄººƳŪźººƷŹŵƶººĩ 
ƵƹźĭƹŵtééCDţŻřžěǀƫƺƬſīźƯŹŚưƾƯƵŶƷŚƄƯƾŵƺºƃ
ƩƺƬſŶƇŹŵƵƹźĭƹŵźƷŹŵŚƷƽţƹźĪƳǀĩźţŹŵĨǀƫōŜǀƀǀƲ
(IC50)ŤƯƹǀƳƺƠƫƺſƪǀƱŚºŤƯƪ(IC50)řżºƟřƿŹřŵŚºƴƘƯƂƽ
ƵƹźĭƶŝŢŞƀƳŚƷƽţƹƩźŤƴĩǀŚƸƴţƶŝŹŚưƾƿƫōŚŝºǀƀǀŤƯƹƲºǀƪ
ƳƺƠƫƺſǀŢƃřŵƱŚŤƯƪƩƺƬſŹŵŚƷƽééCDĩźţǀƹŹřŵƹŵŜ
řżƟřŚŝƿƩƺƬſƂŚƷƽţƺŤěƺěōǀƫōƶŝŢŞƀƳĨǀƀǀŚºƸƴţƶºŝƲƾƿƹ
ŤƯǀƳƺƠƫƺſƪǀŚƸƴţƶŝƱŚŤƯƪƾƿºƯōźºƔƳŻřƶºĩŵƺºŝƵřźºưƷŹŚƽ
ŵƺŝŹřŵŚƴƘƯƩƺƬſŶƇŹŵŚƷƽţƺŤěƺěōǀŹŵƵƹźºĭƹŵźºƷŹŵĨ
ţǀŤƯŚŝŹŚưǀƳƺƠƫƺſƪǀŚºƸƴţƶºŝƱŚŤƯƪƾƿŝºǀƫōŻřźŤƄºǀƀǀƶºŝƲ
ŚƸƴţƾƿŵƺŝźŤƸŝƿŤƳƲǀƶºŝƍƺºŝźƯƵƹźºĭƹŵźºƷŹŵƶŬĩźţºǀŜ
ŢƔƬƛŚƷƽIC50ƫōºǀƀǀŤƯƹƲºǀƳƺƠƫƺºſƪǀƶºĩŵƺºŝƱŚºŤƯƪ
źººŤưĩƿƳƺººƬĩŵřŶººƘţƲƾƩƺƬººſƹŚººƷƽřŹƵŶººƳŻŶƴŤººƃřŵ 
ƩƹŶūçƹƪĪƃè


A 
D 
C P≤Ϭ͘Ϭϱ 
P≤Ϭ͘Ϭϱ 
ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯƹƲǀƀǀƫōŜǀĩźţ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽçéƵŹŚưƃƽæåêƱŚŝōƹźƸƯæèîê
˻̊
ƩƹŶūçƩƺƬſŶƇŹŵƵƹźĭŹŵĨǀţƹźĪƳƹĨǀţƺŤěƺěōƵŶƳŻƽŚƷŢƔƬƛŚŝƵŶƃƱŚƯŹŵƞƬŤŴƯƽŚƷƹƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯƲǀƀǀƫōƞƬŤŴƯƽŚƷ
ƲǀƀǀƫōƞƬŤŴƯƽŚƷŻƹŵŚŝƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯŜǀĩźţ

ŦŰŝ
ĥŹºƿřŸºƛƮƾƿůƂºƤƳºǀţŚƾřŹŵřŹƿƳƹƱŚƏźºſŵŚºŬºǀż
ĭƺƬūǀźƽřƱōŻřƿƯŚƠƾºưƸƯŹƺŤĩŚºƟƹŶƴĩƾźƤţŻƹźºŝŹŵƿŚºŞ 
éåŶºƇŹŵƶºưƷƽŻǈěƺºŘƳƽŚºƷƽƳŚƀºƳřƾºſřŢšŚºƘƫŚƐƯ
ěřǀƯŶǀĥƺƫƺƽſŹźŝƹƾŚƷƽŝźŬţƾƯƱŚƄƳƾĩźţƶĩŶƴƷŵǀšŚºŞ
ŤŤƴſǀŞƏƹĨǀƘƾĥŹƿřŸƛƮƾƿƯƾŝŶƳřƺţƶŶºƋƪºƯřƺƗƱřƺºƴƗ
ƳŚƏźſƾŶºƴƴĩƪºưƗƱŚŤƀºěƱŚƏźſŹŚƸƯŹŵçëƹîƫōºǀƀǀƲ
ƮƸƯźţƿſƢŤƄƯƲǀŚƄƛŻřƶĩŢſřźįǇƹŵƿƶįřƀºƟƫƺƠǀĜǀŶƽ
ƯŹƺŞƗƾƵŵŹŶºƃŹƹŶºƴĩŚºƷƽƫƺƬºſƾƱŚƏźºſŚºƷƽƱŚŤƀºě
źŤƯƹŶƳřƿºƯŹŚºƸƯřŹƱƺƫƺĩƹƩŚƾŶºƴĩçìƹçåŶºƋšřźºŧř
ŨĪţǀźƽƫōǀƀǀƶŝƲƶųźģƞƣƺţįƫƺƬºſƾŚºƳřƺţƹƾƿřźºŝƱōƽ
ţŚºţƺƬĭŭƺƐºſƂƷŚºĩǀƫƺƬºſƪºųřŵƱƺƾŝºǀƫŚƘƟŻřźŤƄºǀŢ
ŤƳōƾƀºĩřǀƳřŶƾŢºſřƵŶºƃƵŵřŵŢŞƀºƳƱōºƴĤưƷǀƫōƲºǀƀǀƲ
ŚƤƫřŦƗŚŝǇŚưŤůřƽźƏŻřŻƺŤěƺěōƿƜţƢǀǀŝźǀŘţƹźºěƱŚǀƲŚºƷƾƿ
ƔƴţƶĩǀƩƺƬºſŹŵřŹŻƺŤěƺěōƮŚºƷƽŹƺºƯƺţƽŶºƳŹřŵƵŶºƸƗźŝ
Ưƾŵƺƃçë
ƶƘƫŚƐƯįƯƱŚƄƳźƋŚůƾŤƯƶºĩŶƷŵºǀƳƺƠƫƺºſƪǀźºŧřƱŚºŤƯƪ
ŹŚƸƯƽŻƿŵŚƽƹŹƽƩƺƬſŶƃŹŚƷƽºſƱŚƏźſǀºƫƹŵŹřŶºƳƶƴƾ
ŤƯǀƳƺƠƫƺſƪǀřżƟřŚŝƱŚŤƯƪƿſŚƀůƂǀƩƺƬſŢƫōƶºŝŚºƷºǀƀǀƲ
ŚƤƫřŦƗŚŝįƯŻƺŤěƺěōƾŵƺƃƴĤưƷǀƩƺƬſƲŚƷƽƳŚƏźſƾŶƘŝ
ŢƔƬƛŚŝƱŚƯŹŵŻřIC50ŤƯǀƳƺƠƫƺſƪǀƫōƹƱŚŤƯƪǀƀǀŹŚģŵƲ
ųŚţŻƺŤěƺěōǀźƽţƹźĪƳƹǀƯĨƾŵźĭŶƳřºƿƱŚƄºƳƶºƘƫŚƐƯƲŵřŵ
ƵŵŚƠŤſřįŢƔƬƛƱŚƯżưƷIC50řƿřżºƟřŦºƗŚŝƹŹřŵƹŵƲƿƂ
ƴƘƯƾƩƺƬſŶƇŹŵŹřŵŚƷƽţƹźĪƳǀƶºŝŢŞƀƳƵƹźĭƹŵźƷŹŵĨ
ţǀŚƸƴţƶŝŹŚưƾƿřƿŶƃŚƷƹŹřŵƲƩƺƬſŹŵŚƷƽƴŝºǀŵŚƽééCD
řżƟřƿƩƺƬſŶƇŹŵƂŚºƷƽţƺŤěƺěōºǀĩźţŹŵĨºǀƶºŝƹŹřŵƹŵŜ
ƴƘƯŹƺƏƾŹřŵƽŝǀźŤƄřŶƇŹŵŻřƿƩƺƬſƲŢºƔƬƛŹŵŚºƷŚºƷƽ
IC50ƫōǀƀǀŤƯƹƲǀƪƳƺƠƫƺſǀŵƺŝƱŚŤƯƪ

CD44- CD44+ ƾƫƺƬſƵŵŹMCF7 
ŶƇŹŵƩƺƬſŚƷƽ
ĨǀţƹźĪƳ 
ŶƇŹŵ
ƩƺƬſƽŚƷ
ĨǀţƺŤěƺěō 
ŶƇŹŵ
ƩƺƬſƽŚƷ
ƵŶƳŻ
ŶƇŹŵƩƺƬſƽŚƷ
ĨǀţƹźĪƳ
ŶƇŹŵ
ƩƺƬſŚƷƽ
ĨǀţƺŤěƺěō
ŶƇŹŵ
ƩƺƬſƽŚƷ
ƵŶƳŻ
 
ååtåå  æåtíæ  ëætçîí  ååtåå  ëètìæ  îçtèîí  ƩźŤƴĩ 
ìtîçæ  íêtèçå  æçtìêì  ìåtèæå  íætîçì  êçtìëæ  ƲǀƀǀƫōIC50
íætéç  åêtèèí  ìëìêî  æætçé  èæåtçèè  éëtíëç  ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯIC50
éétëèç  íìtêëæì  êëåtééë  æètçæè  íètêèí  éétèéí  ƲǀƀǀƫōIC50ƪǀƳƺƠƫƺſƪǀŤƯ
ƱŚŤƯIC50
ìètêçæ  êåtèçí  æètæêå  ååtëé  ååtçéè  ååtèêç  Ʋǀƀǀƫō3/4 IC50ƪǀŤƯ ƱŚŤƯƪǀƳƺƠƫƺſ IC50
ëçtéç  ìítëçé  ìæåtîìç  ëætìå  íétëçë  ëêtêìæ  ƲǀƀǀƫōçæIC50 ƪǀŤƯ
ƱŚŤƯƪǀƳƺƠƫƺſ IC50
ƾƳŚųźſƭŚƸƫřƱřŹŚƨưƷƹ 
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˻̋

ƪĪƃèŪƳŹƹřƲƿŶƿźĩōƽżǀƯōĬƳŹƵƹźĭŶƿŚƯƹźŝƭƺƿŶǀţřƾƫƺƬſƽŚƷtééCDƵŵŹƽMCF7AƩźŤƴĩBŢƔƬƛIC50Ʋǀƀǀƫō 
CŢƔƬƛIC50ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯDŢƔƬƛŚƷƽIC50ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯçéŢƗŚſƹæçIC50ƲǀƀǀƫōéŢƗŚſEŢƔƬƛƽŚƷ
IC50ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯçéŢƗŚſƹèéIC50ƲǀƀǀƫōFŢƔƬƛƽŚƷIC50ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯçéŢƗŚſƹIC50Ʋǀƀǀƫō 
éŢƗŚſƂƬƟƩƺƬſŚƷƩƺƬſƂƬƟħƺƳƹĨǀţƺŤěƺěōƽŚƷƱŚƄƳřŹĨǀţƹźĪƳƽŚƷƾƯŶƷŵ 
CDϰ
ϰ+  
A B C 
D E F 
ϝήΘϨ̯ 
/ϱϬ¾ÌÌ·M + 
¾ÌÌ·M	 ¾ÌÌ·M	 
/ϱϬϥΎΘϣϞϴϧϮϔϟϮγϞϴΘϣ /ϱϬϦϴδϴϟ΁ 
A B 
D E F 
C 
ϝήΘϨ̯ /ϱϬϦϴδϴϟ΁ /ϱϬϥΎΘϣϞϴϧϮϔϟϮγϞϴΘϣ 
/ϱϬ¾ÌÌ·M + 
/ϱϬ¶Ì¿Â¨·Â¶Ìf»
¾ÌÌ·M	 ¾ÌÌ·M	 
 
CDϰ
ϰ- 
ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯƹƲǀƀǀƫōŜǀĩźţ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽçéƵŹŚưƃƽæåêƱŚŝōƹźƸƯæèîê
˻̌
ƳŚĪƯƶģźĭřǀƣŵƮƀǀŧŚţƢǀŤƯźǀƪƳƺƠƫƺſǀŶºƃŹŹŚºƸƯŹŵƱŚŤƯƪ
ƫƺƬſƾƳƭƺƬƘƯŻƺƴƷǀƫƹŢƀƾƫƹřšŚƘƫŚƐƯǀŢºſřƵŵřŵƱŚƄƳƶ
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ŽŚƀůŻŚſƽƩƺƬſŚƷƽƳŚƏźſƾſǀƶºŝƶƴ
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ƩƺƬſŹŚƸƯŚƷƽƴŝǀŵŚƽCD44+ŵƺƃ

ŤƳǀƶŬƽźǀĭ
řƿƵŵŚƠŤºſřƶºĩŵřŵƱŚƄºƳƶºƘƫŚƐƯƲįĩźţǀºŞƾƫōŻřºǀƀǀƲ 
ƹMSMřżººƟřŦººƗŚŝƿŹƶººƯŚƳźŝīźººƯƂººƿżƽƵŶººƃƽ 
ţƹźĩǀţƺŤěƺěōƹĨǀŚƸƴţƶŝƵŵŚƠŤſřƶŝŢŞƀƳĨƾƿƫōŻřºǀƀǀƹƲ
MSMŤƳŹŵƹƵŶƃǀĩźţƶŬǀřŜƿƯƹŹřŵƹŵƲƾōŹŵŶƳřƺţƿƵŶƴ
ŝƶƹŹřŵƱřƺƴƗƽĪưĩƾºſƱŚƏźſƱŚƯŹŵŹŵǀƶºŤƟźĭŹŚºĩƶºŝƶƴ
ŵƺƃ

źƨƄţƹźƿŶƤţ
řƿŚěŻřƶŤƟźĭźŝƶƫŚƤƯƲƿƵŹƹŵƶºƯŚƳƱŚįºſŚƴƃŹŚĩƾŶºƃŹř
ƶºŝƵŹŚưºƃƽåæçřŹƺºƃśƺƈºƯƽƄºƷƹĦěƾƭƺºƬƗƵŚĮƄºƳřŵ
ĪƃżěƾŝŵŹřǀƯƪƾŶƃŚŝřƿƲŚěºƿƱŚŚƯŻōŹŵƶºƯŚƳºƿŢƄºĩƵŚĮƄ
ƫƺƬſƾƴūƹǀſŚƴƃƲƾźƄţƭƺƬƗƵƹźĭƿƵŶƃƭŚŬƳřŮřŸƫŢſř
ŚƌƗřŻřƽźƄţƭƺƬƗƵƹźĭƿŰƾƳřŵŹŶƣƾƯƾŵƺƃ
 
ƾƳŚųźſƭŚƸƫřƱřŹŚƨưƷƹ 
 
ƶƬŬƯšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝƵŹƽçéƵŹŚưƃƽæåêƱŚŝōƹźƸƯæèîê
˻̀
Refenences
1- Youlden DR, Cramb SM, Dunn NA, Muller 
JM, Pyke CM, Baade PD. The descriptive 
epidemiology of female breast cancer: an 
international comparison of screening, incidence, 
survival and mortality. Cancer Epiderniol. 2012; 
36: 237-48.  
2- Harirchi I, Karbakhsh M, Kashefi A, 
Momtahen AJ. Breast cancer in Iran: results of a 
multi-center study. Asian Pacific J Cancer 
Prevent. APJCP. 2004; 5: 24-7. 
3- Kai K, Arima Y, Kamiya T, Saya H.  
Breast cancer stem cells. Breast Cancer. 2010; 17: 
80-5.  
4- O'Brien CA, Kreso A, Jamieson CH. Cancer 
stem cells and self-renewal. Clinical cancer 
research: Am J Pathol. 2010; 15; 16: 3113-20.  
5- Joensuu H, Klemi PJ, Toikkanen S, Jalkanen S. 
Glycoprotein CD44 expression and its association 
with survival in breast cancer. Am J Pathol. 1993; 
143: 867-74.  
6- Herrera-Gayol A, Jothy S. Adhesion proteins 
in the biology of breast cancer: contribution  
of CD44. J Exper Mol Pathol 1999; 66: 
149-56.  
7- Bourguignon LY, Peyrollier K, Xia W, Gilad 
E. Hyaluronan-CD44 interaction activates stem 
cell marker Nanog, Stat-3-mediated MDR1 gene 
expression, and ankyrin-regulated multidrug 
efflux in breast and ovarian tumor cells. J Biol 
Chem. 2008; 283: 17635-51.  
8- Indran IR, Tufo G, Pervaiz S, Brenner C. 
Recent advances in apoptosis, mitochondria and 
drug resistance in cancer cells. Biochim Biophys 
Acta. 2011; 1807: 735-45.  
9- Surh YJ. Cancer chemoprevention with  
dietary phytochemicals. Nat Rev Cancer. 2003; 3: 
768-80.  
10- Nakagawa H, Tsuta K, Kiuchi K, et al. 
Growth inhibitory effects of diallyl disulfide on 
human breast cancer cell lines. Carcinogenesis. 
2001; 22: 891-7.  
11- Arzanlou M, Bohlooli S. Inhibition of 
streptolysin O by allicin - an active component of 
garlic. J Med Microbiol. 2010; 59: 1044-9.  
12- Ranjbar-Omid M, Arzanlou M, Amani M, Al-
Hashem SKS, Mozafari NA, Doghaheh HP. 
Allicin from garlic inhibits the biofilm formation 
and urease activity of Proteus mirabilis in vitro. 
FEMS Microbiol Lett. 2015; 362: fnv049. 
13- Arzanlou M, Bohlooli S. Introducing of green 
garlic plant as a new source of allicin. Food 
Chem. 2010; 120: 179-83. 
14- Arzanlou M, Bohlooli S, Jannati E, 
Mirzanejad-Asl H. Allicin from garlic neutralizes 
the hemolytic activity of intra- and extra-cellular 
pneumolysin O in vitro. Toxicon: J Int Soc 
Toxinol. 2011; 57: 540-5.  
15- Arzanlou M, Bohlooli S, Omid MR. 
Purification of allicin from garlic extract using 
semi-preparative high performance liquid 
chromatography. FEMS Microbiol Lett. 2015; 
362: 1-9. 
16- Hirsch K, Danilenko M, Giat J, et al. Effect of 
purified allicin, the major ingredient offreshly 
ƱŚŤƯƪǀƳƺƠƫƺſƪǀŤƯƹƲǀƀǀƫōŜǀĩźţ 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽçéƵŹŚưƃƽæåêƱŚŝōƹźƸƯæèîê
˻́
crushed garlic, on cancer cell proliferation. Nut 
Cancer. 2000; 38: 245-54. 
17- Rose SE, Chalk JB, Galloway GJ, Doddrell 
DM. Detection of dimethyl sulfone in the human 
brain by in vivo proton magnetic resonance 
spectroscopy. Mag Resonance Imag. 2000; 18: 
95-8.  
18- Engelke UF, Tangerman A, Willemsen MA, 
et al. Dimethyl sulfone in human cerebrospinal 
fluid and blood plasma confirmed by one-
dimensional (1)H and two-dimensional (1)H-
(13)C NMR. NMR in Biomedicine. 2005; 18: 331-
6.  
19- Jafari N, Bohlooli S, Mohammadi S, Mazani 
M. Cytotoxicity of methylsulfonylmethane on 
gastrointestinal (AGS, HepG2, and KEYSE-30) 
cancer cell lines. J Gastroint Cancer. 2012; 43: 
420-5.  
20- Lim EJ, Hong DY, Park JH, et al. 
Methylsulfonylmethane suppresses breast cancer 
growth by down-regulating STAT3 and STAT5b 
pathways. PloS one. 2012; 7: e33361.  
21- Najafzadeh N, Mazani M, Abbasi A, Farassati 
F, Amani M. Low-dose all-trans retinoic acid 
enhances cytotoxicity of cisplatin and 5-
fluorouracil on CD44(+) cancer stem cells. 
Biomed Pharmacother. 2015; 74: 243-51.  
22- Abbasi A, Amani M, Najafzadeh N, Mazani 
M. Cytotoxic effects of all-trans-retinoic acid with 
cisplatin on esophageal cancer cell line 
(KYSE30). Arak Med Univ J. 2014; 16: 50-62. 
23- Najafzadeh N, Abbasi A, Mazani M, Amani 
M. Effects of all trans retinoic acid combined with 
cisplatin on survival of gastric cancer cell line 
(AGS). 2013: 20: 207-214. 
24- Mahdavirad M, Najafzadeh N, Ali Niapour A, 
Jafari A. Cytotoxicity of Zno and Ag/Zno nano-
composites on malignant melanoma cell line 
(A375). Arak Med Univ J. 2014; 17: 74-83. 
25- Hadizadeh S, Najafzadeh N, Mazani M, 
Amani M, Mansouri-Torshizi H, Niapour A. 
Cytotoxic effects of newly synthesized palladium 
(II) complexes of diethyldithiocarbamate on 
gastrointestinal cancer cell lines. Biochem Res Int. 
2014. 
26- Oommen S, Anto RJ, Srinivas G, 
Karunagaran D. Allicin (from garlic) induces 
caspase-mediated apoptosis in cancer cells. Eur J 
Pharmacol. 2004; 485: 97-103.  
27- Scharfenberg K, Wagner R, Wagner KG. The 
cytotoxic effect of ajoene, a natural product from 
garlic, investigated with different cell lines. 
Cancer letters. 1990; 53: 103-8.  
28- Watson C, Miller W. Elevated levels of 
members of the STAT family of transcription 
factors in breast carcinoma nuclear extracts. Brit 
Can. 1995; 71: 840-4. 
29- Lim EJ, Joung YH, Jung SM, et al. Hemin 
inhibits cyclin D1 and IGF-1 expression via 
STAT5b under hypoxia in ERalpha-negative 
MDA-MB 231 breast cancer cells. Int J Oncol. 
2010; 36: 1243-51.  
30- Dorssers LC, Van der Flier S, Brinkman A,  
et al. Tamoxifen resistance in breast cancer: 
elucidating mechanisms. Drugs. 2001; 61: 1721-
33.  
ƾƳŚųźſƭŚƸƫřƱřŹŚƨưƷƹ 
 
ƶƬŬƯšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝƵŹƽçéƵŹŚưƃƽæåêƱŚŝōƹźƸƯæèîê
˻̂
Cytotoxicity of Allicin and Methylsulfonylmethane on the Breast Cancer Cell Line (MCF7) 
 
Sarkhani E1, Najafzadeh N2, Mazani M1, Arzanlou M3, Mohammadzadeh AR4 
1Dept. of Biochemistry, Faculty of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran 
2Dept. of Anatomy & Pathology, Faculty of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran 
3Dept. of Microbiology, Faculty of Medicine, Ardabil University of Medical Sciences, Ardabil, Iran 
4Dept. of Cardiovascular Diseases, Ardabil University of Medical Sciences, Ardabil, Iran 
 
Corresponding Author: Najafzadeh N, Dept. of Anatomy & Pathology, Faculty of Medicine, Ardabil University of 
Medical Sciences, Ardabil, Iran. 
E-mail: n.najafzade@arums.ac.ir 
Received: 10 Aug 2015      Accepted: 11 Jan 2016 
 
Background and Objective: Breast cancer is claimed to be a common cancer amongst women. Estrogen 
receptors are over-expressed in breast cancer and susceptible to anti-estrogenic effects of tamoxifen. 
Tamoxifen resistance is a major problem in breast cancer treatment. It has been shown that allicin is an 
organosulfur compound that is effective in apoptosis induction and cell death in various tumor cell lines. 
Methylsulfonylmethane (MSM) is non-toxic to the human body whose effect on several cancer lines has 
been studied. In this study, we assessed the allicin, methylsulfonylmethane and their combined effects on 
breast cancer cell line (MCF7).  
Materials and Methods: Breast cancer cell lines were cultivated in RPMI-1640 and CD44± cells were 
separated using magnetic activated cell sorting (MACS). Then, the effect of different concentrations of 
allicin, methylsulfonylmethane and their combination were investigated on the isolated cells using MTT, 
clonogenic assay and Acridine orange/ Ethidium bromide staininig methods. 
Results: Allicin had cytotoxicitic consequence on breast cancer cells and its combination with 
methylsulfonylmethane increased the cytotoxicity and number of apoptotic cells compared to the other 
groups. Lower colonies were seen in CD44- treated cells in MSM/allicin group compared to CD44+ Cells 
which implies that sensitivity of CD44-cells was higher compared to the CD44+ cells. 
Conclusion: In this study, we found that allicin and MSM have anticancer effect inhibiting the growth of 
breast cancer; but combination of low concentrations of allicin with MSM may be more effective in the 
treatment of breast cancer cells. So, allicin and MSM, as natural products, can be used for medical purposes 
due to their cytotoxic effect and their availability. 
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